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2 ( 1). 2
$x^{*}$ , $x^{*}$ $y^{*}$ .
$U^{*}$ . 2 $d^{*}$
, $s^{*}$ .
, $Re\equiv U^{*}d^{*}/\nu^{*}$ $\Gamma\equiv s^{*}/d^{*}$ . $\iota/^{*}$
. , $Re=10\sim 200$ $\Gamma=0.3\sim 5.0$
.
2 , $\psi$ $\omega$ .
5,
$\frac{\partial\omega}{\partial t}=\frac{1}{Re}\lambda 4\omega+N(\psi, \omega)$ (1)
$\psi$
$\mathcal{M}\psi=-\omega$ , (2)
$\mathcal{M}\equiv\frac{\partial^{2}}{\partial’x^{2}}+\frac{\partial^{2}}{\partial y^{2}},$ $N( \psi,\omega)\equiv\frac{\partial\psi}{\partial x}\frac{\partial\omega}{\partial y}-\frac{\partial\psi}{\partial y}\frac{\partial\omega}{\partial x}$ (3)
.
( 1, AB) ( 1, $\mathrm{A}\mathrm{D}$ $\mathrm{B}\mathrm{C}$ )





$0= \frac{1}{Re}\mathcal{M}\overline{\omega}+N(\overline{\psi},\overline{\omega})$ , (4)
$\mathcal{M}\psi^{\overline{/}}=$ $\overline{\omega}$ . (5)




$x=x(\xi, \eta),$ $y=y(\xi, \eta)$ .
.
$\frac{\partial}{\partial x}=$ $\frac{1}{J}(\frac{\partial y}{\partial\eta}\frac{\partial}{\partial\xi}-\frac{\partial y}{\partial\xi}\frac{\partial}{\partial\eta})$ , $\frac{\partial}{\partial y}=\frac{1}{J}(\frac{\partial x}{\partial\xi}\frac{\partial}{\partial\eta}-\frac{\partial x}{\partial\eta}$ (6)
, (1) (2) $\mathcal{M}$
$(\psi, \omega)$ , .
$\mathcal{M}=\frac{1}{J^{2}}(\alpha\frac{\partial^{2}}{\partial\xi^{2}}-2\beta\frac{\partial^{2}}{\partial\xi\eta}+\gamma\frac{\partial^{I2}}{\partial\eta^{2}}+\sigma\frac{\partial}{\partial\xi}+\tau\frac{\partial^{r}}{\partial\eta})$, (7)
$\epsilon$
2: . $\Gamma=1.0$ .
$N(’ \emptyset, \omega)=-\frac{1}{J}(\frac{\partial\psi}{\partial\eta}\frac{\partial\omega}{\partial\xi}-\frac{\partial\psi}{\partial\xi}\frac{\partial\omega}{\partial\eta})$ . (8)
,
$J= \frac{\partial x}{\partial\xi}\frac{\partial y}{\partial\eta}-\frac{\partial x}{\partial\eta}\frac{\partial y}{\partial\xi},$ $\alpha=(\frac{\partial x}{\partial\eta})^{z}+(\frac{\partial y}{\partial\eta})^{z}$
$\beta=\frac{\partial x}{\partial\xi}\frac{\partial x}{\partial\eta}+\frac{\partial y}{\partial\xi}\frac{\partial y}{\partial\eta},$
$\gamma=(\frac{\partial x}{\partial\xi})^{2}+(\frac{\partial y}{\partial\xi})^{2}$ ,
$Dx= \alpha\frac{\partial^{2}}{\partial\xi^{2}}-2\beta\frac{\partial^{2}x}{\partial\xi\partial\eta}+\gamma\frac{\partial^{2}xx)}{\partial\eta^{2}’}\sigma=\frac{1}{J,x}(\frac{\partial x}{\partial\eta}Dy-\frac{\partial y}{\partial\eta}D)\tau=\frac{1}{J}(\frac Dx-y)Dy=\alpha\frac{\partial y\partial\xi\partial^{2}y}{\partial\xi^{2}}-2\beta\frac{\frac\partial xD\partial\xi\partial^{2}y}{\partial\xi\partial\eta}+’\gamma\frac{\partial^{2}y}{\partial\eta^{2}}$
$\mathit{1}\mathit{1}X=\alpha-\cdot\angle lJ+\gamma\overline{\partial\xi^{2}}\overline{\partial\xi\partial\eta}\overline{\partial\eta^{2}}$ ’ $\mathit{1}/y=\alpha_{\overline{\partial\xi^{2}}}-\overline{\angle}\mathrm{P}_{\overline{\partial\xi\partial\eta}}+\gamma_{\overline{\partial\eta^{2}}}$
.
, $(\xi, \eta)$ .
$\frac{\partial^{2}\xi}{\partial x^{2}}+\frac{\partial^{2}\xi}{\partial y^{2}}=P(\xi, \eta)$, $\frac{\partial^{2}\eta}{\partial x^{2}}+\frac{\partial^{2}\eta}{\partial y^{2}}=Q(\xi, \eta)$ . (9)
, $P(\xi, \eta)$ $Q(\xi, \eta)$
. Steger and Sorensen[7]
. $\xi$ , $\eta$ $\xi$ .
, 002,




, $L_{1}^{*}=5.5d^{*},$ $L_{2}^{*}=20.5d^{*},$ $L_{3}^{*}=9d^{*}+0.5s^{*}$
. , 2
73: $\mathrm{a}$ : , $\mathrm{b}$ : , $\mathrm{c}$ : , $\mathrm{d}$ :
, $\mathrm{e}$ : , $\mathrm{f}$ : , $\mathrm{g}:\mathrm{D}\mathrm{C}$ .
, 4 Runge-Kutta . ,
$\triangle t=0.005$ .
, 2
, SOR . SOR vH ,
0.1\sim 15 . $(\overline{\psi},\overline{\omega})$ , $x$










( 3) 200 $[\mathrm{m}\mathrm{m}]$ , 450 $[\mathrm{m}\mathrm{m}]$ , 100 $[\mathrm{m}\mathrm{m}]$ ,
2 ( , 2Inm, 100 $\mathrm{m}\mathrm{m}$ ) .
( ) .
, $\Gamma$ (=s*/d $Re(=U^{*}d^{*}/\nu^{*})$
. $d^{*}$ , $s^{*}$ , $U^{*}$




4: 1 . (a) $Re=40,$ $(\mathrm{b})Re=50$ .
4.2 PIV
PIV . YAG (Photonics Industries
, $\mathrm{N}\mathrm{d}:\mathrm{Y}\mathrm{L}\mathrm{F}\mathrm{Q}$- DMIO-527, 15 $\mathrm{m}\mathrm{J}/\mathrm{p}\mathrm{u}\mathrm{l}\mathrm{s}\mathrm{e}$) 0.5 $\mathrm{m}\ln$
60 $\mathrm{m}\mathrm{m}$ .
( , 103 $\mathrm{g}/\mathrm{c}\mathrm{c}$ , 48\sim 52 $\mu \mathrm{m}$)
(Vision Research , Phantom V50, )
1632 $\mathrm{x}$ 1024 pixels) . 408mm $\mathrm{X}30.0\mathrm{m}\mathrm{m}$ (0.025
$\mathrm{m}\mathrm{m}/\mathrm{p}\mathrm{i}\mathrm{x}\mathrm{e}\mathrm{l})$ . 0.1 $\mathrm{m}\mathrm{m}$ $\Delta t$
, 5 1 . $Re=200$ ,
















4 . $4(\mathrm{a})$ , $4(\mathrm{b})$
. $1d$ $\mathrm{P}_{1}$ ( 1)
, $y$ $v_{1}$ .















6 . $6(\mathrm{a})$ $6(\mathrm{b})$
$(Re, \Gamma)=(130.0,2.0)$ (135, 4.0) ,
. ,
, . $6(\mathrm{a})$ 2
, $6(\mathrm{b})$







6: PIV . (a), (b) . (c), (d) .
(e), (f) . (a), (c), (e) $Re=130,$ $\Gamma=2.0$ . $(\mathrm{b}),$ $(\mathrm{d}),$ $(\mathrm{f})$
. $Re=135,$ $\Gamma=4.0$ .
11
7: . $\nabla$ : , $\mathrm{v}$ : .
$6(\mathrm{e})$ $6(\mathrm{f})$ . $6(\mathrm{e})$ 2
( ) , $6(\mathrm{f})$ ( ) .
$(\Gamma, Re)$ 7 . ,
$\nabla$ $\mathrm{V}$ , ,
, $\Gamma=2\sim 3$
.
Akinaga and Mizushima [8]
, , $\Gamma<\Gamma_{\mathrm{c}}=2.34$
, $\Gamma<\Gamma_{\mathrm{c}}$
. Akinaga and Mizushima





. $Re$ $\Gamma$ .
8 4 .
$\Gamma=0.5$ , $Re=40$ ( $8(\mathrm{a})$ ),
$Re=50$ $x$ ( $8(\mathrm{b})$ ).
, lld
$\mathrm{P}_{2}$ ( 1 $y$ $v_{2}$ $Re$ .







8: . (a) $\Gamma=0.5,$ $Re=45,$ $(\mathrm{b})$ $\Gamma=0.5$ ,









2 $\mathrm{P}_{1}$ ( 1 $v_{1}$ $Re$
, $9(\mathrm{b})$ .
. $9(\mathrm{b})$ , $Re_{\mathrm{c}}=54.5$
,





















9: , $\Gamma=0.5$ . (a) , $v_{2}$ : P2 $y$ . (b)





, ( $8(\mathrm{d})$ ).
, $I^{\neg}$. $=0.6$
, 2
, $\Gamma=0.5$ 06 .
, 2
$\Gamma=[0.3,5.0]$ 10
. Akinaga and Mizushim$\mathrm{n}\mathrm{a}[8]$ . ,
$\mathrm{o}$ ,
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